The high efficiency combustion of flexfuel engine depends on the precise determination of the alcohol-gasoline ratios. Presently, commercial technique available uses the Lambda probe, a post-combustion sensor to analyze the exhaust gases (after combustion). This ratio can be measured in real-time using an optical fiber sensor. In the present research, different ratios of alcohol-gasoline blends were measured at temperatures in the range 0 to 50°C, by a Fresnel reflectometer. The sensoring principle is based on the phenomenon of light reflectivity in the interface fiber-fuel. The reflected intensity is proportional to the refractive index difference between the fiber sensor and the fuel, while the refractive index of the mixture is a function of the volumetric ratio of the substances. The real time determination of the mixture ratio of alcohol-gasoline concentrations by the reflected intensity can be used to optimize the combustion efficiency of the flexfuel engine. It can be expected that this technology can reduce both, the pollutant emissions and the fuel consumption.
INTRODUCTION
Flexfuel system is one of the most revolutionary technologies in the automobile industry, allowing users to choose gasoline, alcohol or even a mixture of both as fuel [1] . Currently, about 85% of the new vehicles produced in Brazil are equipped with this technology, and other countries, such as the United States of America, China, Australia and Japan are planning to employ this flexfuel technology in the near future [1] . For flexfuel engine to work properly thorough, it is of great importance to know precisely the ratio of alcohol/gasoline, since the command unit employs this information to alter some parameters, such as: injection, ignition, spark timing and all the necessary corrections for a stoichiometric air/fuel ratios, which promote a better combustion and produces less pollution [2] .
Adjusting the stoichiometric air/fuel ratio is done by discovering the correct alcohol/gasoline distribution of the fuel, and using it to implement the necessary modifications in order to reach the aforementioned stoichiometric reaction. In flexfuel automobiles, this control is done with the information acquired from an oxygen sensor called Lambda Probe [3] , which measures how much oxygen is being emitted with the exhaust gases. The probe sends the electrical signals to a control unit for analysis, so the concentration of each fuel component can be determined [4] . However, due to some system's characteristics, the correction is not instantaneous. It can take over a minute for the processing center to discover the real concentrations [5] . The sensor is designed to supply optimized values only when heated over 300 o C and to reach this temperature, either by using extra wires for electrical heating or by using heat from the exhaust gases, the system demands a few minutes [6] . These effects result in a lower efficiency for the engine in the mean time when the sensor is being heated to work properly and during the period of time it takes to discover the air/fuel ratio itself.
In order to achieve higher efficiencies with flexfuel technology, determination of fuel concentrations must be done in real-time, with a reduced time for data processing and to recognize the true alcohol/gasoline ratio being fed to the vehicle. An ideal sensor to do so could be an optical fiber sensor, which is able to measure the fuel before combustion and not after combustion [7] , avoiding then the problems associated with after-combustion measuring. In fact, there exist researches about optical fiber sensors used to determine the alcohol/gasoline ratio using a fiber optic Raman and spectrometry techniques [8] . However, the high cost associated with these technologies make their implementation undesirable for large-scale use.
The present research work proposes the use of an optical fiber sensoring technique for determination of the concentration ratios of alcohol-gasoline blends, based on Fresnel reflectivity principle.
EXPERIMENTAL
The optical reflectometer was composed by a laser light source (λ =1550 nm) and a detector (with accuracy of ±0.005 Au) with luminous intensity source connected to a standard optical fiber (single-mode, 9/125), The apparatus was designed by the Group of Optical Fiber Sensors for Fuels, Laboratory of Photonic Materials & Devices, UNICAMP.
The principle of an optical fiber used to determine the ratios of fuel mixture is based on the principle of reflected intensity in the interface fiber-fuel (Principe of Fresnel) [9] . The core of the fiber corresponds to medium 1, while the fuel corresponds to the medium 2. Therefore, it is possible to determine the composition of the substance as being alcohol, gasoline or even the ratios of the mixture of both by analyzing the difference in intensity of the reflected light. An approximation can be made in the case when light propagates trough the fiber, and the incidence angle at the external media is very small (θ i and θ t ~ 0):
(
The intensity of reflected light varies for each substance, as it has its own refractive index. That is also valid for a mixture of substances. The index of refraction of blended fuels, on the other hand, depends on the volumetric proportion of each fuel [10] . The temperature variation should also be considered because it has a strong influence of the index of refraction and it needs to be corrected [11, 12] . For this reason any instrument that employs such a principle should be capable of self-correction due to its intrinsic temperature dependence.
Alcohol and gasoline were mixed in desired blend ratios and placed in volumetric flasks. The procedure used anhydrous alcohol (99.5%) and pure gasoline (E00), and was measured using the following mixture ratios: E10, E20, E30, E40, E50, E60, E70, E80, E90, E100, where "Exx" represents the alcohol ethyl "xx" percentage blended to gasoline. For example, Brazilian commercial gasoline E25, corresponds to 25% anhydrous ethanol and 75% gasoline.
The fuels were placed in the thermal bath of the Quimis mark, Q-215 model. The measured temperature interval was in the range 0 -50º C, with a step of 10ºC.
RESULTS
The relative intensity changes were observed for alcohol and gasoline pure solution when the temperature increased. It occurred because the higher the temperature, smaller the fuel density [11] , directly affecting the refraction index. It was observed that the relative intensity of the alcohol and pure gasoline solutions vary linearly and proportionally in this range of temperature, indicating that dn/dT values (refractive index variation with temperature) are similar. The results of linear behavior for the reflected relative intensity curves for alcohol and pure gasoline solutions, and the effect of temperature on the reflected intensity showed the same behavior (about 0.08 a.u./ºC), as seen in figure 1 .
Increasing alcohol concentration in the blend promoted an increase of relative reflected intensity. Since alcohol has a lower refractive index than gasoline, an the increase of alcohol concentration decreases the mixture's refractive index, this effect increases the relative difference between optical fiber probe's refractive index and the one from the solution. Therefore it increases the reflection coefficient (an increase in relative intensity). The behavior was also verified for overall range of temperatures (figure 2).
In conformity with the theory of binary substance mixtures, the refractive index of the mixtures of two pure liquids is the mean value of the respective volumetric concentration [10] . It was observed that for alcohol/gasoline blends, the relative intensities varied linearly and proportionally with the volumetric concentration, as expected. It was also verified that the reflected relative intensity of the pure fuels and the blends varied linearly with temperature. Relative Intensity (a.u.)
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Alcohol Gasoline Figure 1 . Effect of the temperature in the reflected intensity. Knowing the function which describes the variation of relative intensity of the alcohol and gasoline with temperature changes, and measuring the relative intensity, it was possible to estimate the alcohol concentration in the mixture using the equation: 
where:
I mix represents reflective intensity in the mixture; I 1 and I 2 represent the reflective intensity of the pure substances 1 and 2, respectively, in a temperature T; C 1 represents concentration of substance 1 in the mixture.
Therefore, by the measurement of the relative intensity reflected in the fiber-fuel interface and the temperature of the fuel (measured by thermocouple), it is possible to convert the intensity and the temperature in electric signals, which are sent to a fuel recognition system (FRS). Using an algorithm corresponding to the equation 2, and after the correction of temperature effect, it is converted to concentration of alcohol/gasoline blend value. Then this information is sent to an electronic control unit (ECU), which calibrates air/fuel electronic injection ( Figure 3 ). ECU is a well known technology used by automotive industries. 
CONCLUSION
The optical fiber reflectometer is a very suitable method to determine the concentration ratio of alcohol-gasoline blends. The optical fiber sensor apparatus has been successfully applied to determine in real time the mixture ratios of ethanolgasoline system, which could allow a better combustion of the fuel, increasing the efficiency of flexfuel engines and reduce the emission of pollutant gases. The experimental result also shows that the temperature effect is relevant and it is necessary to make corrections even for variations of a few degrees. A relevant improvement of experimental apparatus is being made through the development of a special optical fiber core of ultra-high index of refraction.
ACKNOWLEDGMENTS
The authors would like to acknowledge the financial support of CNPq, FAPESP, FINEP, and CAPES.
